The action of light on rhodopsin (visual purple) produces a pigment named, by Lythgoe (1937) , 'indicator yellow' because it changes colour from a very pale yellow (A, 365 mi.) in alkaline solution to a much deeper yellow (Q,.. 440 m,.) on addition of acid. (In this paper, the terms indicator yellow, vitamin A and retinene will be used to mean indicator yellow,, vitamin A1 and retineneL.) Collins & Morton (1950) and Collins (1953) have offered evidence that indicator yellow is not merely an artifact (using the word artifact here to mean a secondary product having no place in a cycle occurring under physiological conditions); in their view indicator yellow is more truly a derivative of rhodopsin, and it is the first photodecomposition product detectable in water at room temperature. Proof of the chemical nature of indicator yellow should be relevant to the structure of the rhodopsin chromophore, a fundamental issue which has so far been approached only tentatively.
The visual pigments and their derivatives possess characteristic absorption spectra, but the amounts present in the retina are too small to permit their characterization by ordinary chemical means. Even if sufficient material were obtainable, it is doubtful if chemical investigations would throw much light on the nature of a compound such as rhodopsin or indicator yellow formed from retinene (molecular weight, 284) and a protein (opsin) with a molecular weight of about 40 000. The most promising approach is to prepare a substance spectroscopically similar, but not containing the large protein moiety.
The final product of the action of light on rhodopsin in vitro is retinene (vitamin A aldehyde). A close relationship between this and indicator yellow became evident when retinene was found to link with many substances containing amino groups, i.e. amines, amino acids and proteins, to give products spectroscopically similar to indicator yellow (Ball, Collins, Dalvi & Morton, 1949) . These * No. 7 of this series: Collins, Green & Morton (1954) .
CH=CN.R I retinene-amino compounds clearly resemble the indicator yellow derived from rhodopsin and have been called 'indicator yellow analogues'.
Two possible structures have been put forward for these analogues in an alkaline medium: suggested they might be Schiff's bases (I), formed by the condensation of one molecule of retinene with one amino group of the amine or protein (R.NH2). Collins & Morton (1950) tentatively proposed, for compounds other than those formed from aromatic amines, a tertiary amine structure in which two molecules of retinene joined with one amino group. They emphasized that proof of these suggested structures was lacking, as the substances were known only in solution.
The present paper describes the formation from retinene and methylamine of a crystalline indicator yellow analogue, which is shown to be a Schiff's base (I, R = CH3). This structure could not be accepted without careful scrutiny because of the difficulty of explaining the shift of A.,., in acid solution. Evidence is now advanced that the displacement can be accounted for by the addition of a proton to the nitrogen atom to form a substituted ammonium salt (II, R = CH3, R'= H).
RESULTS
Retinene was condensed with methylamine and the product obtained as yellow crystals showing in solution the colour changes characteristic of natural indicator yellow and its synthetic analogues. Spectroscopic details are given in Table 1 , and absorption curves in Figs. 1-3. Analytical results were: C, 84 7; H, 10 4; N, 4 9 %. Mol.wt. 290. Values calculated for the two previously proposed structures are: Schiff's base C21H31N (Ball et al. 1949) C, 84-9; H, 10-4 ; N, 4.7 %. Mol.wt. 297. Tertiary amine C41H57N (Collins & Morton, 1950) C, 87-4; H, 10-1; N, 2.5 %. Mol.wt. 563. CH=,N,C' II~~~~Ns RETINYLIDENEMETHYLAMTNE These results agree with the suggestion that the indicator yellow analogue formed from retinene and methylamine is a Schiff's base (I, R =CH3), 3:7-dimethyl -9 -(2:6:6 -trimethylcyclohex -1 -en -I -yl) -nona-2:4:6:8-tetraenylidenemethylamine. We have given it the trivial name of retinylidenemethylamine. (In our proposed nomenclature for retinene derivatives-see p. 126-retinylidene is the name given to the C1jH27CH= radical in I.)
This structure contains the same chromophoric group as retinene oxime (I, R = OH), which should therefore have an absorption spectrum very similar to that of the indicator yellow analogue, if the Schiff's base structure is correct. Retinene oxime has been prepared by Farrar, Hamlet, Henbest & Jones (1952) and in greater purity by Wald & Brown (1953) . Its molecular extinction coefficient has been reported only in polar solvents. Retinene oxime was therefore again prepared in order to compare its absorption spectrum and antimony trichloride colour reaction with those of retinylidenemethylamine. Details are given in Table 2. ema. in ethanol agrees well with that obtained by Wald & Brown (1953) . Fig. 2 shows the absorption spectra of retinene oxime and retinylidenemethylamine in light petroleum, a convenient non-polar solvent for obtaining a just comparison. The nearly identical curves support the suggested Schiff's base structure of the indicator yellow analogue.
The antimony trichloride (Carr-Price) colour reactions of retinene oxime and retinylidenemethylamine differ somewhat in the position and intensity of the maximum but share features not found in the Carr-Price chromogens of other vitamin A derivatives. (1) The two compounds have colour-test maxima in the same spectral region, and at much shorter wavelengths (480 and 505 mtL.) than would be expected for compounds with six conjugated double bonds (cf. retinene, 664 m,u.; anhydrovitamin A, 620 mjp.). ( 2) The molecular extinction coefficients in the colour test are of the same order and are unexpectedly low (<50000) (cf. retinene, c., 108000 (Hubbard, Gregerman & Wald, 1953) ; anhydrovitamin A, m,, 145 000 (Cama, Collins & Morton, 1951) With retinene oxime the colour fades more quickly, but even so persists for several hr.
Stability of retinylidenemethylamine Retinylidenemethylamine is extremely unstable. It is rapidly hydrolysed by mere traces of ethanol or water over a wide pH range, unless a great excess of methylamine is present (see Morton & Pitt, 1955) and it is readily attacked by atmospheric oxygen. If a solution in light petroleum is left exposed to the air for 30 min. at room temperature, an insoluble red breakdown product is deposited.
Owing to its instability, retinylidenemethylamine is difficult to purify by adsorption chromatography. It is broken down to retinene by strong adsorbents such as alumina, and although it is reasonably stable on weak adsorbents, such as calcium carbonate, these are not strong enough to separate it from accompanying impurities.
The preparation of pure retinylidenemethylamine is therefore a difficult task. The best method was found to be repeated crystallization from light petroleum at -780 in an atmosphere of nitrogen with exclusion of moisture. Without these precautions the product was impure and gave incorrect analytical results.
The 'acid' form of retinylidenemethylamine On passing dry hydrogen chloride through a light petroleum solution of retinylidenemethylamine, a red material is precipitated (m.p. (decomp.) about 140°) which, when dissolved in chloroform, gives the absorption curve characteristic of the 'acid' form of retinylidenemethylamine. This is to be expected if a substituted ammonium salt is formed, as it will be insoluble in a non-polar solvent. Attempts to purify this crude product by crystallization failed, and analyses showed the presence of a variable excess of chloride and oxygen, presumably as a result of side reactions. The simplest explanation is that, in acid, retinylidenemethylamine forms a substituted ammonium salt (II, R = CH3 R' = H) as a typical Schiff's base. A possible alternative is a doubled molecule, the increase of A,,. being accounted for by the elongation of the chain of conjugated double bonds. Two lines of evidence, however, indicate that the simpler explanation is almost certainly correct.
The addition of a proton to retinylidenemethylamine introduces a positive charge into the nitrogen atom. This charge (which implies a local deficiency of electrons) could formally be localized at many positions along the polyene chain. At least seven distinct resonance forms can be written for the retinylidenemethylammonium ion compared with one main form for retinylidenemethylamine, resonance forms with low probability being neglected. Such 
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On acidifying, there was a fall in extinction of the apocarotenylidenemethylamine solutions similar to that seen with retinylidenemethylamine, but the extinction of the cinnamylidenemethylamine solution rose. Benzylidenemethylamine decomposed at an appreciable rate in acid, so that no accurate quantitative measurements were made. An increase in the degree of resonance (postulated as an explanation of the bathochromic shift) would be expected to cause a rise in extinction, as is seen with cinnamylidenemethylamine. It is somewhat unexpected that this is not found with the aliphatic Schiff's bases containing longer polyene chains, but the apocarotenylidenemethylamines parallel retinylidenemethylamine closely in this respect.
From these spectroscopic observations, it appears that the 'acid shift' found in retinylidenemethylamine is probably due to the conversion of the nitrogen atom to the quaternary state. To confirm this, another retinylideneammonium derivative of structure II was made.
Alkyl iodides are known to unite with Schiff's bases to give substituted ammonium iodides (Decker & Becker, 1913) . Methyl iodide was allowed to react with retinylidenemethylamine to form a product insoluble in light petroleum, but which dissolved in chloroform to give a broad curve (half-width 102 m,.) with A. 485 mu. (Fig. 3) . This is presumably retinylidenedimethylammonium iodide (iodide of II, R = R'=CH3). The material was stable in anhydrous ethanol and showed A, 455 m,u., but on dilution with water decomposed to give retinene. It also decomposed on making the ethanolic solution slightly alkaline (0-00M-KOH).
Addition of antimony trichloride in chloroform gave a broad absorption band (half-width about 120 mp.) with a maximum at 505 mg., changing to The absorption spectrum in chloroform ofretinylidenedimethylammonium iodide bears a strong resemblance to that of the acid form of retinylidenemethylamine (see Fig. 3 Dewar, 1949) .
The strong resemblances in absorption spectrum and antimony trichloride colour reaction of retinylidenedimethylammonium iodide and the acid form of retinylidenemethylamine confirm that the shift with pH of A,, of retinylidenemethylamine is due to the conversion of the nitrogen atom to the quaternary state.
Natural indicator yellow, derived directly from rhodopsin, therefore has structure I (R= opsin) in alkali, and in acid, structure II (R = opsin, R' = H).
Retinylidenemethylamine in concentrated sulphuric acid Unstable coloured products, including those similar to their Carr-Price chromogens, are formed by vitamin A and retinene when acted upon by concentrated sulphuric acid Light petroleum. was used, except for absorption spectra, which were determined in light petroleum (b.p. 60-80') free from aromatic hydrocarbons.
Chloroform. For the alkaline spectrum of retinylidenemethylamine, CHC1l was first exposed to NH3 vapour to remove any traces of HCI. For the acid spectrum, a little anhydrous HCI was bubbled through the CHC13. Aqueous solutions of retinylidenemethylamine. Digitonin (1%, w/v) was used as dispersing agent. Solid retinylidenemethylamine was dissolved in a small volume (<0-1 ml.) of ethanol containing excess methylamine to prevent hydrolysis (see Morton & Pitt, 1955) and the digitonin solution added. For the alkaline spectrum, the digitonin solution contained methylamine (0.5M) and for the acid spectrum, HCI (0-1N).
Retinene. This was prepared from synthetic all-transvitamin A (Hoffman-La Roche) by oxidation with MnO2 (Ball, Goodwin & Morton, 1948) . The crystalline material was used.
Retinylidenemethylamine. Retinene (1 g.) was dissolved in light petroleum (50 ml.) and methylamine bubbled through. Anhydrous Na,SO, (5 g.) was added and the mixture left at room temperature. After 1 hr. the SbCl2 colour reaction of a small portion was examined. A band at 500 mi. with no sign of a subsidiary band at 664 m. (due to retinene) confirmed that the reaction was complete. The solution was filtered through a sintered-glass funnel (porosity 4) and the filtrate dried at reduced pressure and room temperature.
The residue crystallized at -78°from light petroleum as yellow needles. Repeated recrystallizations raised the m.p. to 760 (uncorr.).
Retinene oxime. Hydroxylamine hydrochloride (20 g.) was dissolved in water (30 ml.) and a 60 % (w/v) solution of KOH in water added to bring the pH to over 10-5. The mixture was poured on to a solution of retinene (1-7 g.) in ethanol (50 ml.). After 10 min., A.. of the solution had changed to 358 mvz., indicating substantially complete conversion into the oxime. The reaction mixture was diluted with water (500 ml.) and extracted with ether. The extract was evaporated to dryness and the crude oxime recrystallized from methanol. M.p. 139-142' (uncorr.) .
Methylamine derivatives ofother aldehydes. To an ethanolic solution of the aldehyde (diluted to give a convenient I955 reading in the spectrophotometer) were added 3 drops of a solution of methylamine (33% w/v) in ethanol. After 1 hr., the absorption curve of the Schiff's base was determined. Conc. HCI (4 drops) was added and the absorption curve examined again.
Retinylidenedimethylammonium iodide. Methyl iodide (5 ml.) was poured on to solid retinylidenemethylamine (102 mg.) and left at room temperature for 40 min. The excess methyl iodide was removed by evaporation under reduced pressure at room temperature. The red residue was washed with light petroleum to remove any soluble material. Attempts to purify it by crystallization failed. The crude product had m.p. 140-145' (decomp.). (Found: C, 57-2; H, 7-3; N, 3-2; I, 31-7. C22H34NI requires C, 60-1; H, 7-8; N, 3-2; I, 28.9%.) DISCUSSION Nomenclaure Many workers are satisfied with the name vitamin A1 for C20H290H and vitamin A2 for C20H270H and indeed there is much to be said for retaining these names in certain contexts. The same considerations apply to retinene1 and retinene2. The name 'axerophthol' for vitamin A1, suggested some years ago, has not won general acceptance.
It is difficult, as the subject advances, to resist indefinitely the need for a somewhat more systematic nomenclature for purely chemical designations, however appropriate it may be to retain the older names in general nutritional and biochemical contexts. Wald (1935) chose the name retinene because he regarded the compound as a carotenoid, but when it was identified as vitamin A aldehyde (Morton & Goodwin, 1944 ) the suggestion was made that 'retinaldehyde' or 'retinal' would be more suitable. Logically, vitamin A alcohol would be retinol; vitamin A2, 3-dehydroretinol; and retinene2, 3-dehydroretinal. The problem of nomenclature is brought to a head with the case of a Schiff's base made from retinenel. 'Retinene1-methylimine' (Collins, 1953) is obviously only a temporary expedient. The minimum departure from current practice would be to use retinal for retinenel. On this basis the Schiff's base becomes retinylidenemethylamine and indicator yellow analogues retinylideneamines.
Natural indicator yellowL would be N-retinylideneopsin, and acid indicator yellow would be a salt of the ammonium form of retinylidene-opsin. Similarly, indicator yellow2 would be N-3-dehydroretinylidene-opsin. A refinement of this nomenclature to distinguish between different forms of indicator yellow is suggested by Morton & Pitt (1955) .
This usage is serviceable in the present context and goes far to meet the objections of to the trivial names (such as indicator yellow) now in use for visual pigments.
Antimony trichloride colour reaction8
There is no certainty concerning the precise structure of the chromogens produced by the addition to polyene compounds of an antimony trichloride solution, and there is evidence that antimony trichloride itself is not the active substance (Bruggeman, Krauss & Tiews, 1952) . It is, however, generally agreed that the chromogens are ionized forms of the polyenes (Meunier, 1942) .
Those It has been suggested (e.g. Wald, 1948) that the rhodopsin chromophore is some ionized form of retinene, but how this could be formulated so as to account for the absorption band with a maximum at 500 m,. has remained puzzling. The antimony trichloride and sulphuric acid colour reactions reported here with retinylideneamine derivatives are the nearest approach to reproducing the chromophore. They have maxima near 500 my. and, in the case of Carr-Price chromogens, they give broad absorption curves similar to that of rhodopsin: the half-bandwidth of rhodopsin is 100 mpu. (Collins, Love & Morton, 1952) , of retinylidenemethylamine and antimony trichloride about 110 m,u. (As the sulphuric acid colour produced was unstable, its bandwidth was not determined.) These chromogens have molecular extinction coefficients ofthe same order as that ofthe rhodopsin chromophore, and they are formed from retinylideneamino compounds which are known to be produced in the retina from the carbon-nitrogen linkage present in rhodopsin (Collins, 1953) . Further, although most derivatives of vitamin A when ionized give coloured products with A,,, at wavelengths near or above 600 m,u., retinylideneamine derivatives cannot be induced, even in strongly ionizing media, to give absorption peaks at wavelengths much longer than 500 m,.
These artificial chromogens are not, however, photosensitive, and their production under such grossly unphysiological conditions may have no relevance to the changes undergone by retinene on uniting with opsin in the eye. Nevertheless, this work brings out potentialities of retinylideneamino compounds which deserve consideration in future investigations on the structure of rhodopsin.
It will be noticed (Fig. 3 ) that both the retinylideneammonium salts in chloroform solution show a marked inflexion around 350-380 ms., and that rhodopsin also shows a small peak ($-band) in this region. The rhodopsin band may be a cis-peak (Hubbard & Wald, 1952) , but it is interesting that an inflexion is found here associated with an apparently all-trans-retinylideneammonium chromophore. 6. These results show that the bathochromic shift of retinylidenemethylamine in acid is due to the formation of a retinylideneammonium salt.
7. Indicator yellow derived directly from rhodopsin is therefore N-retinylidene-opsin and 'acid indicator yellow' the corresponding ammonium salt.
8. Unusual chromogens are produced from retinylideneamino compounds by the action of antimony trichloride and concentrated sulphuric acid. Their resemblance to the rhodopsin chromophore is discussed.
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